arable management contributed to a 'vertical mixing' effect in the seed bank of the 27 youngest two age-categories, with associated and significant differences in species 28 functional traits across the study area. Plants associated with the NNR were absent 29 from all restoration age-categories. Seed bank species common to all ages-categories 30 exhibited a bias towards moderate to high Ellenberg F (moisture) values, persistent 31 seed banks, and lateral vegetative spread. Relatively short (c.6 years) periods of 32 drainage and ploughing impact heavily upon seed bank diversity and soils, resulting in 33 a lack of pre-drainage vegetation, even after decades of restoration adjacent to intact, 34 species-rich habitat. However, the seed banks of highly degraded fields can contribute 35 towards the creation of novel wetland vegetation assemblages over time and under 36 suitable environmental conditions. 37
Introduction 43
In Britain, as in other parts of Europe, fen meadow and lowland wet grassland habitats 44 have declined dramatically in the past century due to land drainage and agricultural 45 intensification (Anon. 1998, Manchester et al. 1999 include management based on the concept of "re-naturation"; allowing ecosystem 80 change to a future natural state through minimal anthropogenic intervention 81 (Pfadenhauer & Klötzli 1996) . Such a future natural state incorporates the historic 82 changes that will have occurred in the hydrology and soils as well as the biota of 83 highly degraded systems. Consequently, restoration in this context does not imply 84 replicating complex species assemblages that were present historically. As a result, 85 novel assemblages may be established through a combination of the availability of 86 viable seeds in the soil, natural dispersal of seed and plant material, and suitable 87 conditions for germination and establishment. It follows that knowledge of the 88 composition and functional traits of viable seeds in restoration soils is a necessary step 89 in helping to predict future natural states. 90
The main purpose of this study was to evaluate the influence of the seed bank 91 on wetland habitat development across a project area containing land in three distinct 92 restoration age-categories, located adjacent to Wicken Fen National Nature Reserve 93 (NNR) in East Anglia, U.K. Through the collection of seed bank and standing 94 vegetation data from within a landscape-scale restoration project and the bordering 95 NNR, the following three research questions were addressed: 96
• How does the seed bank of highly degraded fields change with time under a 97 wetland restoration regime characterised by natural regeneration and extensive 98 grazing? 99 ' campaign21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w   7   early 1950s by the National Trust. The 5 and 15 year age-categories were in an arable  150 regime for considerably longer, with available information suggesting a period of 151 degradation of not less than seventy years. In addition to these three age-categories, a 152 fourth area was sampled from within the undrained Wicken Fen NNR to provide a 153 reference area. Although the remnant soils in all the restoration areas consist of 154 shallow, highly degraded peats, the historical variations in duration, location and 155 intensity of arable farming have contributed to differences in soil profiles for each of 156 the three age-categories (see Table 1 ). Three fields were sampled within each age-157
category. 158
Soil seed banks were sampled in November 2007 using an auger of 6cm 159 diameter and 10cm depth. Three compartments (fields surrounded by wet ditches) 160
were sampled within each of the three age-categories of restoration land and the 161 reference area. In each compartment a transect of 50m length was established parallel 162 with and 2m distant from a chosen ditch edge, with a second transect 32m from the 163 ditch edge. Two bulk samples (each consisting of 10 soil cores taken at regular 164 intervals from each transect), were divided into two depths (0-5 cm; 5-10 cm) to 165 investigate the vertical distribution of seeds. This generated four samples (i.e. 2 depths 166 for each bulk sample) for each transect, eight samples for each compartment, and 24 167 samples for each age-category and the reference area. The soil volume for each 168 pooled sample was 1411cm³, which exceeds the volumes of 400-600 cm³ (Hayashi & 169
Numata 1971) and 1-1.2 litres (Hutchings & Booth 1996) recommended to accurately 170 detect species composition in a grassland seed bank. Immediately following 171 collection, samples were stored in the dark at a constant 3°C for four weeks to mimic 172 natural stratification, and then passed through a 10mm diameter wire sieve to extract 173 plant debris. Each sample was then mixed thoroughly before being spread to an even 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 In the seed bank ordination, there were highly significant differences between 243 age-categories on both the first ( 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Sørenson's similarity coefficient (S s ) for the standing vegetation and seed bank (Table  257 2) increases through the sampled age-categories, leading to a high value for the 
Standing vegetation 271
The mean standing vegetation DCA axis 2 scores for the 5 year (1.502 at 2m; 272 2.326 at 32m) and 15 year (1.084 at 2m; 2.949 at 32m) age-categories indicated a 273 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w 13 drier conditions than in the 60 year age category (P = 0.017; average E F = 7.694), but 299 the 15 year age category was not significantly different from the 60 year age category. 300
As in the standing vegetation, there was no significant difference in the seed bank 301 between the 60 year age-category and the reference habitat (P= 0.596). 302
Only one Regenerative Strategy (S) showed a significant difference between 303 age-categories within the seed bank (Table 3) . The 15 year category significantly 304 differed from the 60 year (P = 0.042) and reference (P = 0.041) ages, but not from the 305 5 year age category (P = 0.947). Four regenerative strategies (S, VBs, VW, WBs) 306 showed significant differences between age-categories for standing vegetation. The 307 reference age category was significantly different from all restoration ages for two of 308 these strategies (VW and WBs); the 5 year age category showed a significant 309 difference from all other age-categories for the S regeneration strategy, and the 60 310 year age-category was significantly different from all other age-categories for the VBs 311 regeneration strategy. 312
The seed bank C-S-R analysis revealed marked differences in early (≤15 313 years) and later (60years) stages of restoration when examining stress-tolerators (S) 314 and ruderals (R) (Table 4) , although all categories (C,S,R) were significantly different 315 between age classes. 316 317
Exclusive & constant species 318
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434

Seed Bank Exclusive and Constant Species 435
The clear differences in exclusive species functional traits found in each age category 436 (Table 4 ) reflects the impact of the previous arable regime and the subsequent length 437 of time in which the seed bank has been able to recover since restoration commenced. 438
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